B
esides rupture, intracranial aneurysms can become symptomatic because of their mass effect, 11 that is, by compression of the visual pathway. 4, 7 Aneurysms causing compression of the visual pathway commonly arise from the ophthalmic segment of the internal carotid artery (ICA), anterior communicating artery (ACoA), and ICA bifurcation. 7 Aneurysm-related visual dysfunction has been described as extremely variable in type and degree, ranging from blurred vision or blindness to visual field defects, without a typical clinical presentation. 4, 7, 21 Treatment of symptomatic unruptured intracranial aneurysms (UIAs) is performed to both prevent bleeding and reduce mass effect, which is presumably the cause of visual dysfunction. 7, 28 Microsurgical clipping offers the possibility of cranial nerve decompression and reduction of the aneurysmal mass effect. 4, 7, 20 Endovascular coiling may not achieve reduction of the space-occupying effect, but may reduce aneurysmal pulsation as one possible cause of visual deficits in optic nerve compression. 12, 15, 18 However, without any treatment, no change in visual impairment or progressive visual deterioration had previously been reported. 4, 19 We recently reported on posterior communicating artery aneurysm-related oculomotor nerve palsy, including a systematic review, and found significantly higher resolution of oculomotor nerve palsy after surgical treatment. 11 Due to discrepant literature data, in this study we analyzed the outcome of visual dysfunction caused by intracranial aneurysms after surgical and endovascular treatment at our institution. Because of this rare entity, we additionally performed a review of the literature to evaluate a larger number of patients and obtain better evidence.
Methods

Study Population
Of 540 consecutive patients with UIAs who presentInfluence of surgical or endovascular treatment on visual symptoms caused by intracranial aneurysms: single-center series and systematic review ing at our institution between June 1999 and December 2009, 20 with symptoms of visual dysfunction were treated. Information was prospectively entered into a computerized database (SPSS version 15, SAS Institute), including patient characteristics on admission and during treatment course, treatment modality, aneurysm size and location, radiological features, presence of visual dysfunction, and changes in visual symptoms after treatment. In all cases of UIAs, the indication for treatment of the aneurysm was determined according to our institutional treatment algorithm for UIAs as previously published. 24 All patients included in the institutional analysis were treated using surgical clipping or endovascular coiling based on an interdisciplinary consensus in each individual case. Due to the unclear literature data, the presence of aneurysm-related visual deficits was not a criterion in the decision-making process. Patients who initially presented with visual symptoms related to UIAs of the anterior circulation were included in our series. In all patients a detailed examination was performed preoperatively by an ophthalmologist. Visual symptoms were specified and categorized as either visual acuity deterioration (visual sensations, visual loss, blindness) or impaired visual fields. Favorable visual outcome was defined as an improvement of visual symptoms during follow-up. Experiences of unchanged or worsened visual symptoms during follow-up were determined as unfavorable outcome.
Systematic Literature Review
Search Methods. To gain a larger number of patients to evaluate, we performed a literature search using the MEDLINE database (last accessed in February 2010). The following key words were queried individually or in relevant combinations: "visual symptom," "optic nerve," "mass effect," "intracranial aneurysm," and "optic pathway compression." The included limits for the search were "English" and "German" for language category and "Humans" for study category. Full-text versions of the papers were obtained from all studies that were independently reviewed and considered to be relevant by 2 authors (P.S. and E.G.). No disagreements were found. Reference lists of relevant studies were searched for additional articles of interest. Selection Criteria. We analyzed studies of patients harboring intracranial aneurysms with reported visual impairment, as well as the study references. Articles were included if they analyzed and reported quantitative data concerning the aspect of visual dysfunction and the results of follow-up examination. Studies including parent artery ligation or aneurysm locations differing from the anterior circulation were excluded. In cases involving subarachnoid hemorrhage (SAH) only data from patients admitted with World Federation of Neurological Societies (WFNS) scale Grades I-III were included. Furthermore, patients with SAH were only included in further analyses if Terson syndrome had been excluded by the authors explicitly or if optic nerve compression by the ruptured aneurysm had been intraoperatively confirmed. If the results of a work were published in more than 1 paper, we only included the paper that analyzed the outcome regarding the reported visual impairment. To analyze the level of evidence of the articles reviewed, we applied the classification system proposed by Cook et al. 3 Anecdotal single case reports were not included in further analysis.
Data Collection and Analysis. The primary outcome of interest was recovery from previously existing visual impairment caused by an intracranial aneurysm of the anterior circulation. Outcome was stratified by the treatment modalities of surgical clipping and endovascular coiling. Data were independently extracted and verified by 2 authors (P.S. and E.G.). Any disagreement between the reviewers was resolved in consensus meetings with a third author (H.V.).
Statistics Analysis
Statistical data analyses were conducted using standard commercial software (SPSS version 15, SAS Institute). The unpaired t-test was used for parametric statistics. Categorical variables were analyzed in contingency tables using the Fisher exact test. Probability values < 0.05 were considered statistically significant.
A multivariate analysis was performed to find independent predictors of favorable visual outcome using a binary logistic regression analysis, and to find confounding factors between potentially independent predictors. Variables with significant probability values in the univariate analysis were considered as potentially independent variables in a multivariate analysis. A backward stepwise method was used to construct a multivariate logistic regression model in relation to improvement of visual dysfunction as a dependent variable, with the inclusion criterion of a p value < 0.05. Furthermore, we included variables that had been considered to be relevant or significant throughout the literature (time to treatment, 4, 7, 12, 18 aneurysm location, 6, 7 and aneurysm size 7, 18 ).
Results
Present Series
Twenty (3.7%) of 540 patients with UIAs exhibited visual impairment caused by an intracranial aneurysm. Twelve (60%) of the 20 patients underwent surgical clipping and 8 (40%) were treated using endovascular coiling. Visual dysfunction presented as decreased visual acuity in 17 patients (85%) and as visual field deficits in 3 patients (15%; Table 1 ). Visual dysfunction improved in 9 (75%) of 12 patients treated surgically compared with 3 (38%) of 8 patients treated endovascularly (p = 0.2). In both treatment groups, 2 patients experienced vision worsening after treatment (16% in the clipping group vs 25% in the coiling group).
Search Results
The MEDLINE search yielded 417 articles, of which 82 were considered to be relevant after filtering out duplicates, articles written in languages other than English or German, and application of our selection criteria. After review of the remaining articles, 20 studies reporting on a total of 145 patients met inclusion criteria (Fig. 1) . 1, 2, 4, 5, [7] [8] [9] [10] [12] [13] [14] [15] 17, 18, [20] [21] [22] [23] 26, 27 Manuscripts classified as evidence Level I, II, or III were not found. All included articles were classified as retrospective case studies and therefore as evidence Level IV or V. Together with the present case study of 20 patients, there were a total of 165 patients included in the pooled data set: 119 who underwent surgical clipping and 46 who underwent endovascular coiling. Patient characteristics and resolution of visual impairment are detailed in Table 2 .
Visual Impairment
The description of visual symptoms varied from loss of visual acuity to visual field defects. However, after treatment the indicated visual dysfunction improved in 103 patients (62%). Specific follow-up duration data were available in 100 patients; the mean follow-up was 23 ± 28 months.
Influence of Treatment Modality
Favorable outcome was achieved in 83 (70%) of 119 patients after surgical treatment compared with 20 (43%) of 46 patients after endovascular treatment (p = 0.002; OR 2.9, 95% CI 1.5-6.0; Table 3 ). There was no change in the magnitude of visual symptoms in 25 patients after clipping compared with 14 patients after coiling (21% vs 30%, respectively). Worsening of visual symptoms occurred in 11 patients (9%) after surgical treatment compared with 12 patients (26%) after endovascular treatment (p = 0.01; OR 3.5, 95% CI 1.4-8.6). 
Aneurysm Size
Data concerning the size of the aneurysm was available in 82 patients. Mean aneurysm size was 19 ± 7 mm in the surgical group versus 21 ± 10 mm in the endovascular group (p = 0.2). Patients who experienced visual improvement presented with a mean aneurysm size of 19 ± 6 mm when treated surgically and 17 ± 10 mm when treated by coiling (p = 1.0). Patients with unfavorable outcomes harbored a mean aneurysm size of 19 ± 7 mm when treated surgically and 22 ± 10 mm when treated by coiling (p = 0.1).
Influence of SAH
Twenty-five of 165 patients presented with visual impairment and SAH. All 25 patients with SAH underwent surgical clipping. Nineteen (76%) of 25 patients showed improvement or full recovery and 6 (24%) of 25 showed no change of visual deficit after treatment.
Patient Age
Patient data regarding age was available in 112 patients. Patients treated surgically were slightly younger compared with patients treated endovascularly (mean 52 ± 10 years vs 56 ± 17 years; p = 0.03). The mean age of patients achieving favorable outcome was 52 ± 10 years in the surgical clipping group compared with 54 ± 15 years in the endovascular group (p = 0.3).
Time to Treatment and Visual Dysfunction
Data regarding the time between onset of visual symptoms and treatment was available for 86 patients. The mean time to treatment for surgically treated patients was 8 ± 28 months compared with 23 ± 35 months for endovascularly treated patients. Patients who achieved favorable outcome underwent surgical clipping after a mean of 3 ± 4 months and endovascular treatment after a mean of 13 ± 18 months after onset of visual impairment (p = 0.004; OR 3.9, 95% CI 1.6-9.7). Patients who experienced no favorable visual outcome received surgical treatment after a mean of 26 ± 57 months and endovascular treatment after a mean of 30 ± 41 months after onset of visual impairment. Disregarding treatment modality, patients with favorable outcome received treatment after a mean of 6 ± 11 months, whereas patients with unfavorable outcome received treatment after a mean of 24 ± 42 months (p = 0.008).
Multivariate Analysis
We performed a multivariate logistic regression analysis of those variables in the univariate analyses that were significantly associated with improvement of visual impairment caused by intracranial aneurysms, and which have been reported to influence visual outcome throughout the literature. Of those variables that influenced visual outcome to any degree in the univariate analyses, only the variable "clipping" (p = 0.02; OR = 3.8, 95% CI 1.2-12.2) remained as independent and significant predictor of improvement of visual deficits caused by intracranial aneurysms in the multivariate regression model (Nagelkerke correlation coefficient = 0.22).
Discussion
Aneurysm-related visual impairment improved after surgical clipping 4, 5, 7, 9, 14, [20] [21] [22] and endovascular coiling. [12] [13] [14] 18 The main cause of visual impairment appears to be direct compression of the visual pathway by intracranial aneurysms. Whereas surgical treatment with evacuation of the aneurysmal sac permits immediate relief from compression, endovascular coiling does not resolve all of the mass effect. Instead, the noncompressible coil mass itself might induce pressure. 16, 25 Improvement after endovascular treatment has often been discussed as a reduction of aneurysm pulsatility. 12, 15, 25 According to the univariate analysis of the present data, patients undergoing microneurosurgical decompression and clipping exhibited visual improvement significantly more often compared with patients undergoing endovascular coiling (p = 0.002; OR 2.9, 95% CI 1.5-6.0). In the multivariate analysis, surgical clipping was the only predictor for improvement of visual deficits (p = 0.02; OR = 3.8, 95% CI 1.2-12.2). Based on the results of this pooled data, applicable patients with visual symptoms related to aneurysmal mass effect might benefit from surgical clipping.
Treatment in a timely manner has often been discussed as a significant factor in predicting visual outcome. 4, 7, 18 Because of the high variability and sometimes subtle onset of visual symptoms, evaluation of their duration might be imprecise. However, according to the multivariate analysis there was no significant relationship between recovery from visual dysfunction and duration or type of visual symptoms.
It has been hypothesized that visual outcome might vary between different aneurysm locations and sizes. 7, 18 Cerebral vasospasm after SAH has been anticipated, resulting in poor blood circulation and therefore leading toward an unfavorable visual outcome. 21, 22 We found no significant relationship between recovery from visual dysfunction and aneurysm location, aneurysm size, or presence of SAH. These findings are similar to those we reported recently on aneurysm-related oculomotor nerve palsy. 11 As in patients with oculomotor nerve palsy due to aneurysmal mass effect, surgical treatment of the intracranial aneurysm was the only variable significantly associated with improvement of visual outcome in the multivariate analysis of the present study (p = 0.02).
Several factors may bias the findings of the present study, especially its retrospective design. All studies included in further analysis were conducted in a retrospective manner as well. The clinical circumstances of admission (age and SAH) might have affected treatment strategy and favored surgical repair. Several studies provided no explicit definition of the visual deficit due to high variability of visual impairment, which could lead to differences in reported outcomes. Provisioning of Level I evidence with a Grade A recommendation in a single center is uncertain, because of the rare entity of aneurysm-related visual impairment. Therefore, the number of patients in the pooled data of this study may provide sufficient support to justify conducting large-scale randomized controlled trials to determine the role of the treatment modality in patients with visual symptoms related to intracranial aneurysms.
Conclusions
Aneurysm-related visual dysfunction that develops from direct mechanical compression improves after surgical clipping and endovascular coiling. Based on our present series combined with pooled analysis of data from the literature, surgical clipping appears to be an important factor associated with improvement of visual dysfunction.
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